for the analyses. Homeostatic model assessment-insulin resistance (HOMAIR) was calculated using serum levels of fasting glucose and insulin. 11 Glomerular filtration rate was calculated by the Abbreviated Modification of Diet in Renal Disease equation. 12 Diagnosis of metabolic syndrome (MS) was made according to the criteria of the National Cholesterol Education Program Adult Treatment Panel III and Asia-Pacific criteria with abdominal waist circumference (≥90 cm in males, ≥80 cm in females). 13, 14 Proteinuria was defined as more than 1+ in spot urine sample.
The baPWV was measured using an automatic waveform analyzer (VP-2000, Colin Co, Komaki, Japan). All individuals were examined after resting in the supine position for at least 5 min. We used the mean baPWV as a marker of arterial stiffness. All baPWV values were adjusted by age and systolic BP, because age and systolic BP are regarded as the most important determinants of PWV. Finally, the unadjusted baPWV and adjusted baPWV were used together and we performed sex-specific analysis to determine the factors for increasing baPWV using the adjusted baPWV. High PWV was designated as the cut-off value, which was between the 3 rd quartile and 4 th quartiles of the unadjusted and adjusted baPWV individually because an absolute cutoff value of normal baPWV is not available.
Statistical Analysis
All continuous variables are expressed as median (interquartile range) and proportions are expressed as number (%). Comparison of GGT quartiles was performed using the Kruskal-Wallis test with post test (Dunn's comparison of all pairs of quartiles) and chi-square test as appropriate. Stepwise logistic regression analysis was used for analysis of variables that had an influence on serum GGT. The comparison between high and low baPWV was performed using the MannWhitney U test. Adjustments by age and systolic BP were performed using constant values of the results of simple linear regression analysis. Stepwise logistic regression analyses were performed to show independent contributions to baPWV using computer software, MedCalc ® (version 8,1,0,0). A value of p<0.05 was taken to be statistically significant.
Results

Baseline Characteristics
Median serum GGT level was 21 (14-38) IU/L. Because there was statistically different between males and females, sex-specific analyses were done. Tables 1 and 3 show the baseline characteristics in 741 men. and 646 women, respectively. In men, smoking and amount of alcohol consumption, age, and proportion of cases of DM were different in each quartile group. In women, age and proportion of those with hypertension were different in each quartile group. Tables 2 and 4 show the laboratory results for both sexes. From the view point of baPWV, there was no statistical difference according to the quartiles of GGT, though an increasing trend of baPWV was noted in men. However, in women, the baPWV of the 3 rd quartile of GGT was higher than that of the 1 st quartile, and the baPWV of the 4 th quartile of GGT was higher than that of the 1 st quartile (Table 5) . The median baPWV in men was 1,389.5 (1,280.0-1,530.0) cm/s, which was higher than in women [1,315.3 (1,208.4-1,484.6) cm/s]. High baPWV was designated as more than 1,510.5 cm/s, which was the cut-off value between the 3 rd and 4 th quartiles of baPWV (Tables 7,8 ). In order to identify the variables that contribute to arterial stiffness, we performed multivariate logistic regression analysis including age, DM, hypertension, consumption of alcohol, BP, heart rate, MS, proteinuria, hemoglobin, GGT, uric acid, HDLcholesterol, triglycerides, non-HDL-cholesterol, glucose, insulin, HOMAIR, waist circumference, body mass index, and CRP, which were significant variables between the low and high PWV groups. Among these, age, DM, GGT, heart rate, history of hypertension, triglycerides and systolic BP were significant variables ( Table 9) .
Laboratory Results for the Quartiles of GGT and the Association Between GGT and baPWV
Factors That Influenced Serum GGT Level
In this analysis, increased serum GGT was designated as more than 53 IU/L, which was the cut-off value between the 3 rd and 4 th quartiles of GGT in men. In women, the cut-off point was 21 IU/L. In both genders, serum triglycerides had an influence on serum GGT level. Otherwise, alcohol consumption, diastolic BP, uric acid, HOMAIR, and waist circumference were positively related to serum GGT in men. In women, glucose, body mass index, and total cholesterol were the significant variables (Table 6 ).
Association Between GGT and baPWV After Age-and BP-Adjustment in the Gender-Specific Analysis
Age and BP were significant determinants of an increased PWV, as many studies have previously reported. Thus, we performed an adjustment by age and systolic BP. The median baPWV was 1,526.3 (1,359.6-1,704.1) cm/s. The genderspecific interquartile cut-off points for adjusted baPWV were 1,418.6, 1,574.3, and 1,746.4 cm/s in men and 1,318.7, 1,471.0, and 1,660.1 cm/s in women. In this situation, high baPWV was designated as more than 1,746.4 cm/s in men and 1,660.1 cm/s in women. In men, GGT (odds ratio (OR) 1.004 confidence interval (CI) [ 
Discussion
Serum GGT activity has long been regarded as a marker for hepatobiliary disease and alcohol consumption, 1 but recent epidemiological evidence suggests that serum GGT might evolve as a potential biochemical risk indicator of cardiovascular morbidity and mortality. 15 GGT is an enzyme responsible for the extracellular catabolism of antioxidant glutathione and act as a pro-oxidant in the extracellular space. GGT is expressed in the liver, kidney, cerebrovascular endothelium and pericytes. As a potential mechanism it has been proposed that GGT reduces Fe 3+ to its bivalent form and releases a free thyil radical, which oxidizes LDL in the extracellular space. 3, 5, 16 Although the exact mechanism has not been fully elucidated, GGT levels appeared to be an independent risk factor for the development of cardiovascular disease, hypertension, stroke, and type 2 DM, and their complications, in several prospective cohort studies after adjusting for alcohol consumption. [17] [18] [19] [20] From the viewpoint of GGT level in our results, serum triglycerides had an influence on serum GGT level in both genders. Additionally, alcohol consumption, diastolic BP, uric acid, HOMAIR and waist circumference were positively related to serum GGT in men. In women, fasting glucose, body mass index, and total cholesterol were the significant variables. In 2007, it was reported that serum GGT was posi- tively correlated with waist circumference, triglyceride, fasting glucose, fasting insulin, HOMAIR in both genders. 21 In summary, serum GGT level could be influenced by the lipid profile and insulin resistance. In the present study, although the relationship was very weak, GGT independently contributed to increased PWV in men, but not in women. In arterial stiffness, age and BP are the most important determinants and in 2003 it was reported that baPWV reflecting arterial stiffness was lower in females than in males until age 60, and then became similar in both genders after age 60. 22 This gender effect on increased PWV has been considered to be a hormonal environmental difference, though the exact mechanism is not fully elucidated. In the current study, a gender-specific difference in baPWV was noted (age-and BP-adjusted median baPWV: 1,574.3 cm/s in men vs 1,471.0 cm/s in women). In another study of baPWV as a marker of atherosclerotic vascular damage and cardiovascular risk, a cut-off value of 1,400 cm/s was an independent variable for risk stratification by Framingham score. 23 Thus, our high baPWV value, as determined by the 75 percentile value of each gender, may have clinical significance (1,746.4 cm/s in men, 1,660.1 cm/s in women). In the final stepwise logistic regression analysis after age and BP adjustment, GGT was an independent contributor to increased PWV in men. Interestingly, MS and history of hypertension were the same contributors to increase PWV in both genders. This result is consistent with a report on MS in 2007, in which the authors concluded that MS determined increased arterial stiffness independently of other known cardiovascular risk factors. 24 Additionally, HOMAIR and heart rate had an influence on increased PWV in men. Because insulin resistance is a proposed pathophysiologic mechanism of MS, we consider that our results are plausible. However, the difference between both genders was not explained exactly. Further study is needed to ascertain whether gender difference really exists and the mechanism of that difference.
Study Limitations
First, identification of medications (eg, statins, antihypertensive drugs) was impossible. Second, self-reported alcohol consumption as a variable was of questionable because of its reliability and validity. Third, because a cutoff value of baPWV is not available, the results could change according to the characteristics and number of enrolled subjects, Last, though baPWV is convenient and reproducible, baPWV itself has some limitation in reflecting arterial stiffness. Despite these limitations, our results confirm that the role of GGT as an additional marker of arterial stiffness could be considered.
In conclusion, although it is necessary in the future to elucidate the role of GGT and the relationship was very weak, GGT might be an additional marker of arterial stiffness, at least in men. In the future, larger cohorts studies will be needed to confirm this result.
